Partially purified intact chloroplasts were prepared from batch cultures of both wild type (Wt) and a mutant strain of Chlamydomonas reinhardtii. Protoplasts were generated from log phase cultures of Wt (137c) and the phosphoribulokinase-deficient mutant F60 by incubation of the cells in autolysine. These protoplasts were suspended in an osmoticum, cooled, and then subjected to a 40 pounds per square inch pressure shock using a Yeda pressure bomb. The resulting preparation was fractionated on a Percoll step gradient which separated the intact chloroplasts from both broken chloroplasts and protoplasts.
Isolated intact chloroplasts have proven to be an important tool in the analysis of photosynthetic mechanisms. Although techniques for the isolation of these organelles are available for a wide variety of higher plant species, comparable preparations from green alga have been more difficult to obtain. The unicellular green alga Chlamydomonas reinhardtii, which has been widely employed in genetic and biochemical studies of photosynthesis (4) , has a single chloroplast within each cell. The large size of the chloroplast would seem to complicate isolation of the intact organelle of this organism. Recently, Klein et al. (6) have reported a method of isolating functional chloroplasts from Chlamydomonas which utilizes differential solubilization of the plasma membrane and organellar membranes by detergents. The (-) (from R. P. Levine), and the phosphoribulokinase-deficient strain F60 (-) (9) were grown under fluorescent lights in Tris/acetate/phosphate medium on a rotary shaker as described in Gorman and Levine (5) . Gametogenesis was induced in the (+) and (-) Wt strains by transferring vegetative cultures in late logarithmic phase (approximately 5 x 106 cells/ ml) to a nitrogen-free medium supplemented with sodium acetate, as described by Matsuda et al. (8) .
Preparation of Autolysine. Autolysine was prepared by the method of Matsuda et al. (8) with a few modifications. Log phase cultures of the (+) and (-) mating types were incubated separately in gamete inducing medium for 24 h (final cell concentrations of approximately 1.5 x 107 cells/ml). Gametes were then harvested and resuspended in sufficient deionized H20 to result in final cell concentrations of 2 x 108 cells/ml. These concentrated (+) and (-) gamete solutions were then mixed in equal volumes and incubated at room temperature for 45 min, with occasional gentle mixing, to allow mating to occur. At the end of the mating period, the mating solution was centrifuged at 17,000g (3°C) for 20 min to remove gametes and debris. The supernatant from this centrifugation, which contained the autolysine activity, was then separated into 9-ml lots and stored at -20°C. Autolysine prepared and stored in this fashion retains activity over a period of 6 months.
Preparation of Protoplasts. Protoplasts were prepared from log phase cultures of Wt (+) and F60 in Tris/acetate/phosphate medium. Cell suspensions containing 5 mg Chl were harvested and resuspended in 9 ml of the autolysine solution, which had been thawed immediately prior to use. This suspension was placed on a rotary shaker in the dark (25°C) for 30 min to allow digestion of the cell walls to occur. At the end of the digestion period, the protoplasts were removed from the autolysine solution by centrifugation at 3,000g for 2 min. The supernatant from this centrifugation was discarded, and the pellet gently resuspended in 35 ml of 20 mm Hepes (pH 7.0, 25°C). This solution was then centrifuged at 3,000g for 1 min, and the supematant discarded. The protoplasts were washed with three more 35-ml volumes of the Hepes buffer in a similar fashion to ensure complete removal of the autolysine. (1). Presumably, the presence of the cell wall in this preparation resulted in containment of cytoplasmic components. Protoplasts can be easily prepared from Chlamydomonas by utilizing a cell wall-digesting enzyme (autolysine) which is released during the mating of gametes (6, 8) . When protoplasts produced in this manner, from both Wt cells and those from the phosphoribulokinase-deficient mutant F60 (9) , were used in the production of a modified Pressate, intact chloroplasts were released. These intact chloroplasts were separated from both broken chloroplasts and protoplasts using Percoll density gradients.
Purity of the Chloroplast Preparation. The Pressate which resulted from disruption of the cells in the Yeda pressure bomb was fractionated on a two step Percoll density gradient. The intact chloroplasts, intermediate in density between the broken chloroplasts and protoplasts (6) , were removed from the gradient and washed to remove the Percoll. The data in Table I Chloroplast preparations using Wt cells give similar enzyme and organellar activity profiles.
Photosynthetic Properties of the Chloroplast Preparation. As shown in Figure 1 , chloroplasts prepared from Wt cells demonstrate C02-dependent 02 photoevolution at rates in excess of 60 ,umol/mg Chl h in the presence of 0.5 mM Pi (trace A). These rates were sustained for over 10 min. Similar to higher plant chloroplasts (and chloroplasts isolated by Klein et al. [6] , and the Pressate [1] ), the addition of 10 mm phosphate results in severe inhibition of this activity (trace C). The addition of 1 mM 3PGA and 1 mm OAA both stimulate O2 evolution in the presence of high phosphate (trace B). Addition of 1 mm ferricyanide and 10 mM NH4Cl results in 02 photoevolution at approximately 15 ,umol/mg Chl *h, a rate that is increased to 110 ,umol/mg Chl * h if the chloroplasts are suspended in deionized water rather than Breaking Medium. This indicates that the chloroplasts are approximately 90%o intact (7).
This conclusion is supported by microscopic examination of the chloroplast preparation (Fig. 2) . The majority of the particles appear bright with a clear halo under phase contrast, indicating the presence of intact chloroplasts, while a minority are darker (broken chloroplasts).
The chloroplast preparation described here results in more cytoplasmic as well as mitochondrial contamination of the chloroplast fraction than the preparation described by Klein et al. (6) . This preparation has the advantage of utilizing batch rather than synchronous cultures, which facilitates the use of mutant strains of Chlamydomonas. The preparation reported here also results in significantly higher yields of chloroplasts than reported in Klein et al. (6) . Preliminary results indicate that chloroplasts isolated by the method reported here can be used for experiments which require rapid organellar lysis (such as light activation of reductive pentose phosphate cycle enzymes), as well as separation of cytoplasmic and stromal isozymes.
